INTRODUCTION
Wood and wood based materials have been used as a construction material for years, mostly because of low cost, renewability, strength and low processing energy requirements. In recent years, the machining of wood products has acquired great importance, due to the short supply of wood and increasing environmental awareness among users and manufacturers (Sofuoglu, 2017) .
Working with automatic mechanical equipment demands precise, accuracy, speed, consistency and flexibility. In this case it takes the help of embedded computer applications to do the job. One of the mechanical equipment combined with microcomputer that has been widely used is a CNC machine (Computer Numerical Controlled) . CNC machines are used for mechanical work such as cutting, engraving, drilling and others. The computer technology used to control, parse and execute certain objects based on user command. In the manufacturing industry, the use of CNC machines greatly affects the increased production (Jayachandraiah et al., 2014; Ginting et al., 2017) . CNC machines are used in various manufacturing applications such as steel machining, plastic cutting, etc. and are widely used in the woodworking industry. In the furniture industry, CNC machines perform drilling, milling, sanding and cutting operations (Koc et al., 2017) . These machines provide high productivity increasing the efficiency up to 2.5 times and flexibility in production and integration to automation systems (Raja & Baskar, 2011) .
The surface quality of solid wood and wood based panels is one of the most important properties characterizing the wood machining process and its conditions, manufacturing processes, such as finishing or adhesive strength properties. The surface roughness of wood can be affected by different factors, such as annual ring variation, wood density, cell structure, earlywood ratio and latewood ratio, and humidity (Zhong et al., 2013; Sofuoglu, 2017) . CNC machining process is a significant stage as it affects surface coating performance such as adhesion strength of coating, minimization of waste and appearance of wood products (Cool & Hernandez, 2011; Tan et al., 2012; Ozdemir et al., 2015) . Surface roughness is a crucial quality indicator of cutting and coating process (Koc et al., 2017) . Nas et al. (2012) reported that the surface roughness had changed significantly depending on the parameters as a result of milling the material surfaces in CNC machinery. Wilkowski et al. (2011) utilized Taguchi method to investigate effective factors for CNC processing parameters of wood surface roughness of oak and ash. The cutting parameters such as feed rate and spindle speed were resulted as significant parameters on the surface roughness.
The main purposes of process monitoring and control are to optimize manufacturing speeds and to reduce production times. An effective process monitoring system should alert the operator and shut the machine down when critical conditions are about to be reached. In wood machining, the control process should manage key control variables such as feed rate or spindle speed, and adjust them to approach optimum conditions for the chosen machining objectives (Iskra & Tanaka, 2005) . In this study, it was aimed to determine of the optimum feed rate and spindle speed depending on the surface roughness of some wood species processed with CNC machine.
MATERIAL and METHODS
In this study, spruce, chestnut, larch and iroko were used as wood species. Three spindle speed (10000, 14000 and 18000 rpm) and feed rate (5000, 7000 and 9000 mm/min) were determined for CNC processing. It is given description of test groups according to wood species in Table  1 . The wood samples were processed on Megatron 2128, 4 Axis CNC Milling Machine with 9 kW spindle power, a maximum spindle speed of 24.000 rpm. Working area of the machine is 2100x2800x150 (mm). 2 mm diameter conical knife were used for all of the groups. The CNC machine and processing of the wood samples are shown in Figure 1 . A fine stylus-type profilometer, Mitutoyo Surftest SJ-301 Surface Roughness Tester was used for the surface roughness test (Figure 2 ). This device consists of a main unit and a pickup. The pickup has a skid-type diamond stylus with a radius of 5 µm and a tip angle of 90°. Cut off length (kc) was 2,5 mm, and tracing length was 12,5 mm. Ten replicates of wood samples for each group were used for surface roughness measurement. The samples cut at the dimensions of 50×50×10 mm were used for each test group to evaluate their surface roughness. The Rz roughness parameter (mean of the 10-point height of irregularities) was used to evaluate surface roughness of the samples according to DIN 4768 (1990) . 
RESULTS and DISCUSSION
The surface roughness mean values (Rz) are given in Figure 3 according to wood species and CNC parameters. The groups that given the lowest roughness values are shown with red arrow. As can be seen that Figure 2 , the lowest surface roughness values were found in 10000 rpm spindle speed and 5000 mm/min feed rate for spruce and chestnut wood. Many researchers reported that the effect of feed rate and spindle speed on surface roughness in wood and wood based materials machining, and the results demonstrated that the surface roughness decreases with increasing spindle speed and increases with the feed rate (Iskra & Tanaka, 2005; Sutcu, 2013; Sutcu & Karagoz, 2012) . In this study, smoothest surfaces for spruce and chestnut were obtained from the lowest spindle speed and feed rate.
However, it was found in 18000 rpm spindle speed and 7000 mm/min feed rate for larch and iroko wood. Davim et al. (2009) studied CNC processing parameters of MDF such as spindle speed, cutting speed and feed rate. Higher spindle speed and higher feed rate performed smother surfaces where in the present study lower feed rate and higher spindle speed performed minimum surface roughness. Koc et al. (2017) determined that minimum surface roughness values of MDF, ayous and beech wood were found as spindle speed of 18,000 rpm and feed rate of 2 m/min in their study.
The highest values in the all of wood species were obtain from 10000 rpm spindle speed and 9000 mm/min feed rate. Sofuoglu (2017) found that the surface roughness, both Ra and Rz, increased with increasing feed rate, but decreased with increasing spindle speed.
CONCLUSIONS
CNC wood working machinery has been widely introduced in wood industries, especially in the furniture industry. CNC has been used for the grooving, milling, patterning of furniture material etc. This technology presents many advantages related to output, surface quality and provide greater improvements in productivity, and increase the quality of the machined part. In this study, the effect of various CNC machine parameters such as spindle speed and feed rate in the wood working processing were investigated on the quality of wood surface. The ranges of CNC parameters studied in this research are spindle speeds of 10000, 14000 and 18000 rpm and feed rates of 5000, 7000 and 9000 mm/min. As a result of the study, the lowest surface roughness values were found in 10000 rpm spindle speed and 5000 mm/min feed rate for spruce and chestnut wood and 18000 rpm spindle speed and 7000 mm/min feed rate for larch and iroko wood. The highest values in the all of wood species were obtain from 10000 rpm spindle speed and 9000 mm/min feed rate.
